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Mitochondria were isolated from the epidermis of hu-
man subjects of different ages by a procedure that in-
cluded pretreatment of the tissue with bacterial protease 
before homogenization. That epidermal mitochondria 
catalyze enzymatic lipid peroxidation in the presence of 
NADPH and chela ted iron (ADP-Fe:l+) is indicated by the 
production of malonaldehyde. The process does not ap-
pear to be influenced by age, and it is strongly enhanced 
in preparations containing a small amount of melanin. 
The suggestion that lipid peroxidation may be concerned in 
the process of cellular aging comes from at least 3 types of 
observation, First, it has been known for a long time that tissues 
of old animals accumulate tluorescent pigments, such as lipo-
fuscin, that probably are derived from the combination of lipid 
peroxides with denatured proteins [1]: Second, it has been 
shown that the li fe span of human diploid cells in culture is 
increased by the antioxidant Gr-tocopherol or by a low level of 
oxygen [2,3]. Third, P layer et al [4] have recently reported that 
the NADPH-dependent lipid peroxidation of rat liver micro-
somal membranes and mitochondria increases with age. 
The aging of human skin is characterized by well -known 
morphological changes that are intluenced by environmental 
factors such as solar irradiation [5]. If we restrict our attention 
to the epidermal cells, the thinning of the ep idermis with 
advancing age may be considered as the morphologica l expres-
sion of a decrease in life span [6]. Thus, a correlation between 
aging, lipoperoxidation, and radiation-induced formation of free 
radicals may be proposed , The premature death of epidermal 
cells of aging skin, which is more pronounced in sun-exposed 
areas, cou ld be due to an increase in lipoperoxidation resulting 
from an increase in the production of fi'ee radicals, decreased 
protection from them, or an increased susceptibility of the 
intracellular membranes, Lipid peroxidation is induced by su-
peroxide radicals (0 2- ) generated by the I-electron reduction of 
molecular oxygen, Many oxidative enzymes, such as xanthine 
oxidase and membrane-bound NADPH-cytochrome c reduc-
tase, are involved in this production according to the reaction 
given below, 
Reduced tlavoprotein + O~~tlavoprotein + O~-
The O2 - radical reacts with chelated Fe"'" to give the agent 
that initiates the destruction of polyunsaturated fatty acids of 
the membrane phospholipids, 
ADP-Fe"+ + O2- ~ADP-Fe2+ + O~ 
The enzyme superoxide dismutase [7] protects the cell against 
the lipoperoxidative effect of the O~ - radica ls [8,9]. 
202- + 2H"'~H~0~ + O~ 
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The first approach to the problem of lipid peroxidation of 
epidermal cells in aging skin is that of measuring the activity of 
this process in subcellu lar fractions, such as mitochondria and 
membranes of the endoplasmic reticulum, Although an increase 
in lipoperoxidation is indicative of an increase in the activity of 
the generator of the O~ - radicals or of an increased vulnerability 
of the membrane (whose composition and/ or assembly may be 
altered), a lack of changes with advancing age does not neces-
sarily mean that lipoperoxidation is not modified in vivo, In the 
latter case, the activity of superoxide dismutase has to be 
measw'ed in both the mitochon.drial and the cytosolic compar t-
ments of the cells, 
We measured the NADPH-dependent lipoperoxidation of 
mitochondria [10] isolated /i'om the epidermis of non exposed 
areas of humans 11 to 78 yr of age. In spite of the difficu lties we 
encountered in interpreting the data obtained, mainly because 
of the contamination of the preparations by melanin, we al'e 
inclined to believe that the mitochondrial enzymatic lipoper-
oxidation of epidermal celis is not influenced by age, We will 
discuss the relevancy of our results in relation to the process in 
other membranes and to the possible modification of the sys-
tem(s) involved in the defense of the cell against oxygen toxicity, 
MATERIALS AND METHODS 
Thin slices of epidermis, weighing 2 to 4 gm, were obtained from the 
external part of the thigh with a razor blade, during surgical interven-
tions. Each slice was quickly placed in ice-cold 0,15 M NaCI, rinsed 
twice with the same solution, and finely minced with scissors, Mito-
chondria were prepared as follows: Suspend 2 to 4 gm of tissue in 10 
volumes of 0.125 M KCI, 0,5 mM ethylene glycol tetraacetate, 20 mM 
Tris-HCl (pH 7.4) , and 0.1% subtilisin (bacterial protease, Type VII), 
Incubate tissue for 10 min at O°C and homogenize for 90 seconds in 
glass homogenizer with Teflon pestle, Dilu te mixture with an equal 
volume of medium without subti.lisin, incubate, and homogenize as 
above, Dilute preparation up to 200 ml wi th KCl/EGTA/ Tris medium, 
and centifuge (Sorvall SS34 rotor) at 2,000 rpm for 10 min. Centrifuge 
supernatant at 10,000 rpm for 10 min, Suspend each pellet in 100 ml of 
KCl/EGTA/Tris medium and centrifuge at 10,000 rpm for 10 min. 
Suspend each pellet in 50 ml of KCI/Tris medium and centrifuge at 
10,000 rpm for 10 min, Suspend each mitochondrial pellet in 1 to 2 ml 
of KCI/Tris medium, The yield was 1.4 to 5.4 mg (average 3.0 mg) of 
protein per gram of wet-weight epidermis. 
Lipid peroxidation was measured after 20 min of incubation at 37°C 
as malonaldehyde (MDA) production, Mitchondria (1 to 2 mg of 
pl'Otein/ml) were suspended in an oxygen-satuJ'ated medium of the 
following composition: 0.125 M KCI, 20 mM Tris-HCI (pH 7.4), 4 mM 
ADP, 0,05 mM FeCL., and 0.4 mM NADPH. The MDA content was 
determined at 532 nm by the thiobarbituric acid assay [11), The 
extinction coefficient employed was 156 em- I, mM- I. Proteins were 
estimated by the biuret method [12]. 
Samples for electron microscopy were fixed at 4°C with 2% glutaJ'-
aldehyde in 0,1 M phosphate buffer (pH 7,3) with CaCh; postfixed for 
2 hI' in a solu tion of OsO, (J .33%) in phosphate buffer; and stained with 
PbOH. Observations were made with a Philips model 300 electron 
microscope, 
The ADP and NADPH were obtained from Boel1J'inger, Mannheim, 
West Germany. The thiobarbitlll'ic acid and subtilisin (bacterial pro-
tease, Type VII) were purchased from the Sigma Chemical Company, 
St. Louis, Missouri. The ethylene glycol tetraacetate was obtained from 
Koch-Light Laboratories Ltd., Colnbrook, Bucks, England. ALI other 
chemicals were products of E. Merck, Darmstadt, West Germany. 
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NADPH·dependenllipid peroxidation of epidermal m.ilochondria 
Age (Y'·) 
11" 
14 
54 
54 
55 
68 
73 
75 
78" 
Ma lonaldehyde production 
(nmol/Illg of pro tein)" 
4.00 
0.79 
0.45 
0.65 
0.56 
0.64 
0.5l 
0.42 
2.05 
" Mean values of 2 determinations. 
" Preparat ions containing a small amount of melanin. 
RESULTS 
The F igure is an electron micrograph of epidermal mitochon-
dria isolated by the procedure described in t he Materials and 
Methods section. T he preparations of mitochondria, which are 
morphologically intact, are contaminated by melanin granules. 
The extent of contamination by other subcellular components 
appears to be quite small, unlike that in preparations obtained 
previously wit hout enzymatic pretreatment of the tissue [13]. 
These mitochondria were tested for their ability to produce 
peroxides from peroxidation of polyunsaturated fatty acids in 
the presence of NADPH, ADP, and Fe"+. The results of these 
measurements are shown in the Table. The mean values of 
MDA production ranged from 0.42 to 0.79 nmol/mg of protein 
in 20 min at 37°C without significant differences due to the age 
of t he donors. We observed much higher values (close to t hose 
found in rat liver mitochondria [4]) in only 2 samples and t h e 
preparations appeared to be slightly contaminated by melanin 
gra nules. 
DISCUSSION 
The recent observation t hat lipid peroxidation is increased in 
the liver microsomes and mitochondria of old rats [4] prompted 
us to conduct a similar study with membranes isolated from 
the epidermis of huma n beings. However, we faced the difficult 
problem of how to obtain a reasonable amount of uncontami_ 
nated subcellular particles with which to work. The meth od 
previously described, which mainly employed grinding of the 
tissue [13], were not gentle enough to avoid disruption of the 
intracellular components and thus contamination of the mito-
chondria l and microsomal fract ions. The pmcedure we adopted 
was used earlier in the homogenization of particularly resistant 
t issues or cells (e.g., hear t muscle and Ehrlich ascites tumor 
cells) and consisted of sensitizing the plasma membrane with a 
pmtease, followed by mechanical treatment with a T efl on pestle 
homogenizer. (Homogenization without enzymatic pretreat-
ment of t he epidermis results in t he isolation of very small 
amounts of particles, and use of protease is not appropriate in 
the isolation of the microsomal fTactio n.) Because of such 
limitations, our investigation was restricted to the mitochon-
dria. T his fraction also has a ce rtain degree of contamination, 
especially from melanin narticles. 
The extent of the NADPH-dependent lipid peroxidation 
appeared to be small in the epidermal mi tochondria only in 
Isolated mitochondria of humari epidermis. The bar represents 1 Mm. 
A, electron micrograph of a transverse section of the mitochondrial 
pellet. The region of "maximal" contamination is represented. Never-
theless; the mitochondria are numerous and in a well-preserved, con-
densed form . Some melanosomes (arrows) and membrane debris are 
present (reduced from X 22,000) . B, higher magnification of the middle 
region of the pellet. Here the mitochondria constitute the bulk of this 1 
fraction and the melanosomes (arrows), as well as the membrane 
debris, are scarce or absent. The mitochondrial condensed structure, 
usual in fresh ly isolated mi tochondria, is well preserved. The orthodox 
forms are very rare (reduced from x 45,000). 
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relation to the presence of melanin, as was indicated by the fact 
that donors with little cell melanization exhibited a much higher 
level of lipid peroxidation. From this observation, we concluded 
that the mitochondrial lipid peroxida tion was not due to micro-
somal contamination because we observed a marked increase 
in MDA production in the low-melanin preparat ions. We also 
concluded that the melanin exerted a sort of "protection" 
against lipoperoxida tion in vitro, a phenomenon that might be 
related to the well-recognized protective effect of this pigment 
against sunlight. However, there is no evidence against the 
hypothesis that melanin merely interferes with the MDA.assay. 
The MDA values found in the low-melanin preparations indi-
cated that no relationship exists between the age of the donor 
and the extent of mitochondrial lipoperoxidation. 
More conclusive data have to be obtained with mitochondria 
free of any contamination, and attempts should be made to 
measure lipid peroxidation in purified microsomal membranes. 
It seems especially important at this stage to evaluate the role 
that changes in the activity of protective enzymes (which have 
been reported to decrease in liver mitochondria and cytosol of 
old rats [14,15]) may play in increasing lipoperoxidation in 
aging skin. 
We thank Dr. M. Russo for performing the electron microscopic 
stucties. 
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